Ischemic brain injury Neuroprotection Astrocytes G protein-coupled receptor kinase 2 (GRK2) Excitotoxicity Glutamate transporter GLAST GFAP Cytoskeleton Ezrin G protein-coupled receptor (GPCR) kinase 2 (GRK2) regulates cellular signaling via desensitization of GPCRs and by direct interaction with intracellular signaling molecules. We recently described that ischemic brain injury decreases cerebral GRK2 levels. Here we studied the effect of astrocyte GRK2-deficiency on neonatal brain damage in vivo. As astrocytes protect neurons by taking up glutamate via plasma-membrane transporters, we also studied the effect of GRK2 on the localization of the GLutamate ASpartate Transporter (GLAST). Brain damage induced by hypoxia-ischemia was significantly reduced in GFAP-GRK2 +/− mice, which have a 60% reduction in astrocyte GRK2 compared to GFAP-WT littermates. In addition, GRK2-deficient astrocytes have higher plasma-membrane levels of GLAST and an increased capacity to take up glutamate in vitro.
G protein-coupled receptor (GPCR) kinase 2 (GRK2) regulates cellular signaling via desensitization of GPCRs and by direct interaction with intracellular signaling molecules. We recently described that ischemic brain injury decreases cerebral GRK2 levels. Here we studied the effect of astrocyte GRK2-deficiency on neonatal brain damage in vivo. As astrocytes protect neurons by taking up glutamate via plasma-membrane transporters, we also studied the effect of GRK2 on the localization of the GLutamate ASpartate Transporter (GLAST). Brain damage induced by hypoxia-ischemia was significantly reduced in GFAP-GRK2 +/− mice, which have a 60% reduction in astrocyte GRK2 compared to GFAP-WT littermates. In addition, GRK2-deficient astrocytes have higher plasma-membrane levels of GLAST and an increased capacity to take up glutamate in vitro.
In search for the mechanism by which GRK2 regulates GLAST expression, we observed increased GFAP levels in GRK2-deficient astrocytes. GFAP and the cytoskeletal protein ezrin are known regulators of GLAST localization. In line with this evidence, GRK2-deficiency reduced phosphorylation of the GRK2 substrate ezrin and enforced plasma-membrane GLAST association after stimulation with the group I mGluR-agonist DHPG. When ezrin was silenced, the enhanced plasma-membrane GLAST association in DHPG-exposed GRK2-deficient astrocytes was prevented.
In conclusion, we identified a novel role of astrocyte GRK2 in regulating plasma-membrane GLAST localization via an ezrin-dependent route. We demonstrate that the 60% reduction in astrocyte GRK2 protein level that is observed in GFAP-GRK2 +/− mice is sufficient to significantly reduce neonatal ischemic brain damage.
These findings underline the critical role of GRK2 regulation in astrocytes for dampening the extent of brain damage after ischemia. © 2013 Elsevier Inc. All rights reserved.
Introduction
Astrocytes form the largest glial cell population in the brain; they outnumber neurons by 5 times and comprise~50% of human brain volume (Rossi et al., 2007; Sofroniew and Vinters, 2010) . Astrocytes provide metabolic support for neurons and regulate the extracellular ion balance (Rossi et al., 2007; Sofroniew and Vinters, 2010; Takano et al., 2009) . Under pathological conditions like cerebral ischemia, astrocytes are thought to contribute to preventing neuronal cell death by reducing extracellular glutamate to non-excitotoxic levels (Swanson et al., 2004; Takano et al., 2009 ). They do so by enveloping neuronal synapses with processes that express the glutamate transporters GLAST and GLT-1, which remove glutamate from the synaptic cleft (Rothstein et al., 1994) . Genetic ablation, pharmacological inhibition or antisense oligonucleotide-mediated downregulation of GLAST or GLT-1 exacerbate excitotoxic neurodegeneration or ischemic brain injury in rodents (Rao et al., 2001; Rothstein et al., 1996; Watase et al., 1998) . Conversely, increasing the expression of glutamate transporters has been shown to be neuroprotective in in vitro models of ischemic damage and an in vivo model of amyotrophic lateral sclerosis (Fontana et al., 2007; Rothstein et al., 2005) . Collectively, these data indicate a neuroprotective role of astrocytes by glutamate uptake via their glutamate transporters.
G protein-coupled receptor kinase 2 (GRK2) is a widely expressed kinase that regulates phosphorylation and subsequent desensitization of multiple G protein-coupled receptors (GPCRs), including metabotropic glutamate receptors (mGluRs). Desensitization of GPCRs is a crucial regulatory process to ensure attenuation of signaling and internalization of Neurobiology of Disease 54 (2013) 206-215 
